TITLE OF THE INVENTION 

FILM FORMING METHOD, SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE MANUFACTURING METHOD 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

Co 

The present invention relates to a film forming 

4 

method, a semiconductor device and a semiconductor 
device manufacturing method and, more particularly/ a 
film forming method, a semiconductor device and a 
semiconductor device manufacturing method for f-e^mi&g- v 
an interlayer insulating film having a low dielectric 
constant Jto^ cover a wi ring 

2 . Description of the Prior Art 

In recent years, Tthe) miniaturization and fthe? 
reduction in thickness of the^atterr^reyrequire ^/wit^ / 
/"the? higher^i^tegratiohsdegre^^ higher density of 7/ 

^p*e semiconductor integrated circuit device^f^ Try 
y ^ddition, y'oinoo thc^ higher speed /ofjthej data transfer^ 
^rate is also requiredTj 

Therefore, ^he] insulating film havingYthe^ low 
dielectric constant (referred to as a "low dielectric 
constant insulating film" hereinafter) and j^Rel small RC 
delay is employed. rh^jixich insulating f l^Tt^e^^a^ 
rthej SiOF film having Jth£) relative dielectric constant ^-3 
3.5 to 3.8 r Jth§ porous Si0 2 filri? having J3t& relative 
dielectric constant 3.0 to 3.1, etc., for example. 



r #j bar 



However, /Essentially the7low dielectric constant 
insulating film £s^ ready to contain th^ moisture/and is J 
^ready to pass the incoming moistureT^ Therefore, if such 2 
low dielectric constant insulating film is employed 
5 alone as the interlayer insulating film,^the^ corrosion 
of the wiring and^thej increase in the leakage current 
£ard easily /caused?. In order to prevent £Eo them/, ptt& 
barrier insulating film containing Si and N or Si and 
C is often interposed between the wiring and the low 
10 dielectric constant insulating film. 

More particularly, in [the^ semiconductor device 
having ]th.&l multi-layered wiring, ZfheJ? interlayer 
insulating film /containi<fig7 barrier layers is formed 
between the upper wiring and the lower wiring. The 
15 interlayer insulating film containing barrier layers is 
formed by laminating Jfcftg barrier insulating film 
containing Si and N or Si and C, ^ttte low dielectric 
constant insulating film, and the barrier insulating 
film containing Si and N or Si and C, in sequence. 
20 However, the insulating film containing Si and N has 

< fejt£ > high relative dielectric constant. Therefore, even 
if suclr insulating film of— the thinner film LlilCk Tte-s-e- 
employed as the barrier insulating film, the 
dielectric constant of the overall interlayer insulating 
25 film is increased. 

Also, the relative dielectric constant of the 
barrier insulating film containing Si and C is relatively 



low^ such a s about 5, ^ather- ±han the ^barrier insulating 
film containing Si and N. But such^barrier insulating 
film containing Si and C cannot sufficiently suppress 
^^^-a^icre-a^e-r« i--^he| leakage current. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to JjS r ov ± &£j 
^ft--fxim tormiiigr--me±h Qd, a semico rdnritn-r flftgina -a nd^a^ 
Ise micondu ot-Q_>' < l]^ie^~4^ 

/oa^ateie— of — iewe*±»g-^aY dielectric constant of an 

• — 1 /a. ' 

interlayer insulating film as a whole and^suppress^ft^ 

^< change Jefi. the dielectric constant due to moisture 

absorption, while preventing corrosion of ^wiring and 

an increase in ^ leakage current . 

In the film forming method according to the present 

invention, the silicon-containing insulating film is 

^/f ✓«_/=£*& * Pi*** & _ 

formed by plaomaniaiag r a film forming gas/jconoioting of/.-?.// 

j— -v "the. 

/any one/ selected from /al group consisting of alkoxy 

compoundTiaving Si-H bonds and siloxanevhaving Si-H bonds 

* rr -7 fk* 

and^any one/oxygen- containing gas selected from !_r group 

consisting of 0 2 , N 2 0, N0 2 , CO, C0 2 , and H 2 0,V- fco react . 

bz*^ "fte r<z&<jff; 

~ter&&F€&Ftg — iro-xrne expesimewtr, _J_t ^ found that -such 

silicon-containing insulating film is dense, has JAtfg' 

high moisture jjjsferor , has ^bho-"cmall amount o f contained " 

moisture - in Lliu f ilm , and £He small relative dielectric 

constant . 

Therefore, if the above silicon containing 




insulating film is employed as the barrier insulating 
films (a lower protection layer and an upper protection 
layer) that constitute the interlayer insulating film 
interposed between the upper wiring and the lower wiring, 
5 and sandwich the low dielectric constant insulating film, 
the dielectric constant of the overall interlayer 
insulating film can be lowered while preventing 
corrosion of the wiring and^^^increase in the leakage 
current . 

10 ^rrn-rrii ng tn 4h& semiconductor device of the present 

invent ion^^bfee silicon-containing insulating film whose 
peak ^fc±*te\ absorption intensity 

is in a range of ^fefee wave number Y 2270 to 2350 cm" , whose 
film density is in a range of 2 • 25 to 2 . 40 g/cm 3 , and whose 
15 relative dielectric constant is in a range of 3,3 to 4.3 i 
formed on ^JfeHe* substrate. 

^Afi ^r , fljnQj^ £fo of the invonlox^ of Hi xis 

app M oa&L -Qftr — iL is ' found thaf the silicon-containing 
insulating film having such characteristics has^^fliigh 

20 mechanical strength, is dense* is excellent in^ttj^water 
resistance, and has *he — s mal l amount of contained 
moisture. j = R th r o film like the silicon nitride film, and n 
has relative dielectric constant smaller than i*fe 
silicon nitride film. 

25 A cC TJ rdi ^UyL o ■fehre ,B eQg^^u^^ 

J .^he*HS'a?3r±tyoT^ fUrm of teho presen t 

■ invent - ion — feo thcr semiconductor device, the above 
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silicon- containing insulating film is formed to^cover 

the wiring — eerTCa^fe — fee — ±t~, — crtfa erwi g o — febe — efeeve 
_____ or <Zs 

^s4^eerr-0611 La JiiTi Y g~ jm M ^ti± ^ d- n g f i-irrr is formed as jfctfe 

protection layer on insulating film that covers the 

5 wiring. 

The silicon-containing insulating film of the 
present invention has low dielectric constant, -teas — 
file small muuuiiL u£ containirtf^moisture ±n . Lh u liliu , is 
dense, and ^^^sT excellent 4n the water resistance. 

10 Therefore, if JH?T^ silicon-containing insulating film is 
employed as $3et$ protection layei^gj^covering the wiring, 
etc.,^^e?" corrosion of the wiring can be prevented by 
preventing ^^ Jl ffii^^ moisture from entering the 
semiconductor device while reducing the parasitic 

15 capacitance between the wirings . 

^ ^soC ^he upper and lower wirings and the interlayer 
insulating film interposed between the upper and lower 
wirings are provided on^Jrg' substrate, and the interlayer 



20 insulating film according to the present invention. 



insulating film is formed of the silicon-containing 
g fi: 

-sy 5 «aJ 8 ^hLe interlayer insulating film iu ouiujLxliLiLtid 
in order from the b o 1 1 om b&B lower protection layer 
formed of the silicon-containing insulating film 
according to the present invention, the main insulating 
25 film, and **J>e upper protection layer formed of the 
silicon-containing insulating film according to the 
present invention . 



If the main insulating film is ■ foa . nuod. w ud-L l i o. SiOF 
film, the silicon-containing insulating film aqcording 
to the present invention can prevent the fluorine (F) 
-*-e*eme»te from diffusing to the outer peripheral portions 



5 of the silicon-containing insulating film. Aloo, ^f the 
main insulating film is formed of -bho porous insulating 
film having ^J&i&~ high hygroscopicity, the 
silicon-containing insulating film according to the 
present invention can prevent the infcQmiu g of 
10 moisture into the porous insulating film and thus^£fccer 
increase <&f the dielectric constant due to^^rj^moisture 
absorpt ion^ eeR^fee^-preveatedn 

Also, sinceJHJe silicon nitride film is not employed 
as the upper and lower protection layers erf the main 
15 insulating filnKteSt the silicon-containing insulating 
film having J^rt^ low relative dielectric constant is 
employed, the dielectric constant of the overall 
interlayer insulating film can be reduced. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.l is a side view 8 h , ow Mi g "' a r"eeTrf^ gurat^on of the 
plasma CVD film forming equipment employed in^^^film 
forming method according to a first embodiment of the 
present invention; 
25 FIG.2A to FIG.2E are sectional views showing 

structures of samples - empJ^oyoU^ Ll t examine* 
✓ characteristics of a silicon-containing insulating film 



that is formed by the film forming method according to 

the first embodiment of the present invention, and 

structures of comparative samples; 

FIG.3A and FIG.3B are tables showing g Bxami n ec K 

5 <aaaaj iJ>o ofi-a film density of the insulating film that 

is formed by the film forming method according to Jrfie 

second embodiment of the present invention using the 

sample of FIG.2A; 

FIG. 4 is a graph ohow in g OKarnmod^ooul - to of $ 

10 moisture content and ^ water resistance of the 

silicon-containing insulating film that is formed by the 

film forming method according to J£ second embodiment of 

the present invention using the sample of FIG.2A; 

FIG.5A is a graph sfeewj?n^o:iK^^ of 

15 infrared absorption intensity of the silicon-containing 

insulating film that is formed by the film forming method 
jig 

according to^second embodiment of the present invention 
using the sample of FIG.2A; 

FIG .SB is a graph showing examin e d^g^ul-to of s£P 
20 infrared absorption intensity of the silicon-containing 
insulating film that is formed by the film forming method 
according to^afsecond embodiment of the present invention 
using the comparative sample of FIG.2A; 

FIG . 6 is a graph ofrrow in g - oa^ ^ of^ water 
25 resistance of the silicon-containing insulating film 
that is formed by the film forming method according to 
'^second embodiment of the present invention using the 



10 
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sample of FIG.2B; 

FIG. 7 is a graph ohowtng 1 ^seemiinodmii' ouiii'l L ET of M water 

resistance &&er^=tfr a pressure-cooker test of the 

silicon-containing insulating film that is formed by the 

film forming method according to^l r second embodiment of 

the present invention using the sample of FIG.2B; 

FIG. 8 is a table showing egeami suM i i^ ^ cm- 
for- 

adhesiveness^©* The silicon-containing insulating film^ 
that is formed by the film forming method according to 

the seconxieiT ^^ r-i^Q presen t: invention , Tto a 

coated insulating film Jusing the sample of FIG.2C; 



FIG. 9 is a graph -sfeew^sfrg^s soin j:^ ^^ 
generating rate due to a heat cycle Y using the sample of 
FIG. 2D according to the second embodiment of the present 
15 invention; 

<&ff 

FIG. 10 is a graph <^B£ ^h9 P TBXril im ^ of jr ' 

barrier characteristic t»e - a— — ■ oop p cir of the 
silicon-containing insulating film that is formed by the 
film forming method according to the second embodiment 
20 of the present invention; 

FIGS.11A and 11B are sectional views showing a 
semiconductor device manufacturing method according to 
a third embodiment of the present invention; 

FIGS.12A to 12C are sectional views showing a 
25 semiconductor device manufacturing method according to 
a fourth embodiment of the present invention; 

FIGS.13A to 13F are sectional views showing a 



semiconductor device manufacturing method according to 
a fifth embodiment of the present invention; 

FIGS.14A to 14C are sectional views showing a 
semiconductor device manufacturing method according to 
a sixth embodiment of the present invention; and 

FIG. 15 is a sectional view showing a semiconductor 
device manufacturing method according to 
embodiment of the present invention. 



10 DESCRIPTION OF THE PREFRRED EMBODIMENTS 

Embodiments of the present invention will ^be 
■ oxpfaiincd with reference to the accompanying drawings 
hereinafter. 

^ First Embodiment^ 
15 FIG.l ^e ^^ide^i . ew showin g a oop^iguratio^ ^ of the 

late t^e plasma CVD film forming equipment 

iqth 

presem 

^ Thi - o — p la c ma CVD film forming equipment 101 

induing cu /Uv~-e,V\ 

20 TJ5nIpTio e-& a film forming portion 101A that io the pl arre~"~ 




X V 

ployed in yaNfilm f orming^m^tho^ ^eeo^d ijag^^^ 



myaNtilm formm< 




-at whioh a silicon-containing insulating film is formed 
"^ by tho plasma .gas: on a substrate 20 , and a film forming 



gas supplying portion 10 IB having a plurality of gas 
supply sources coj^ctitutitig the film forming gas. 



25 As shown in FIG.l, the film forming portion 10 1A 

has a chamber 1 - who o o pressure can be reduced, and^fg' 
-J&^^r^ is connected to an exhaust^^ device 6 via an 



exhaust pipe 4 . A switching valve 5 for controlling/t^ej 
open^ <knd £fhe closej between the chamber 1 ■ ; .;^hd jthe 



exhaust^^ device 6 is provided in the middle of the 
exhaust pipe 4. A pressure measuring means such as a 
vacuum gauge (not shown) for monitoring the pressure in 
the chamber 1 is provided JtoJ the chamber 1. 

, — A — - p a i -£= — -of- o p poe ±rrg upper electrode *0lEirst 

S 4s f 

electrode) 2 andVlower electrode ( second electrode) 3 

cz<*k oik*-** i>\ %' V 

are proviflfed^S' the chamber 1. A high /f requency power 

supply ( RFp ower supply) 7 for supplyir|g^piigh f requency 

power havjlfltj a frequency of 13.56 |fflz^s connected to 

the upper electrode 2, while a low frequency power supply 

8 for supplying a low frequency powers h^jza^ a frequency 

of 380 kHz is connected to the lowet Aelfdtrode 3. The 

film forming gas is ^lasmafrxz^a ^v'^ 

to the 

these power 

lower electrode 3 , and the 

the plasma generating mea\a s ■Mgir. : \p^iipip^lp9A 

forming gasK / - !l v'.j "v* -Vt-^) r 

rjthe plasma generating means / , Lhoax» cure Lhu means- 
for — gen e-Let Ling Lite — plaoma — by the first and second 
electrodes 2, 3 of the parallel-plate type, the - means 
rfur-geae rating tho plaoma by-BCR^ Electron Cyclotron 
Resonancejb/i\fcp^ means for generating £he helicon 
plasma by irrnrli nt- l n i j 1 lin high frequency power f rom>fetre 
antenna, etc . ,, 



gby ^supplying the power 




11 



The upper electrode 2 is also used as a film forming 
gas distributor. A plurality of through holes are 
formed in the upper electrode 2, and^Jopeaaia^=^rart±efts- 
«*€*=-the through holes in the surface opposino^^the lower 
5 electrode 3 serve as discharge ports v 4«rtefr porto -)^jQg 
the film forming gas. The discharge ports of the film 
forming gas, etc. are connected to the film forming gas 
supplying portion 101B via a pipe 9a. Also, a heater 

/A 

(not shown) may be provided Jz6 the upper electrode 2$ 

10 a«"-"Tlre--ncraee^ T his is bo -cmiB-e> j£t the upper 

electrode 2 is heated at^£fee temperature of almost 100 C 
during the film formation, particles -rasae of reaction 
products » f tho film . forming gag , etc. can be prevented 
from sticking onto the upper electrode 2. 
15 The lower electrode 3 is also used as a loading table 



for the substrate 20. A heater 12 for heating the 
substrate 20 on the loading table is provided,*© the lower 
electrode 3 . 

In the film forming gas supplying portion 101B, a 

20 supply source for the alkoxy compound having Si-H bonds; 

a supply source for the siloxane having Si-H bonds; a 

supply source for afi^ene- oxygen- containing gas selected 
It* 

from ^rgroup consisting of oxygen (0 2 ) , nitrogen monoxide 
(N 2 0), nitrogen dioxide (N0 2 ), carbon monoxide (CO), 
25 carbon dioxide (C0 2 ), and water (H 2 0); a supply source 
for the hydrogen (H 2 ) ; and a supply source for the nitrogen 
(N 2 ) are provided. 
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As for the alkoxy compound having Si-H bonds or the 
siloxane having Si-H bonds as the film forming gas to 
which the present invention is applied, ^f ollowings^ inag? 
jhe employed as th£| typical examples. 
5 (i) alkoxy compound having Si-H bonds 

trimethoxysilane (TMS: SiH(OCH 3 ) 3 ) 
(ii) siloxane having Si-H bonds 

tetramethyldisiloxane (TMDSO: 

( CH 3 ) 2 HSi-0- SiH ( CH 3 ) 2 ) 
10 These gases are supplied appropriately to the 

chamber 1 of the film forming portion 101A via branch 
pipes 9b to 9f and a pipe 9a to which all branch pipes 
9b to 9f are connected. Flow rate controlling means 11a 
to lie and switching^ means 10b to 10k for controlling 
15 the operand the closes of thejjranch pipes 9b to 9f are 
provided in the middle of^the branch pipes 9b to 9f . A 
switching means 10a for controlling the open^id the closj^? 
of the pipe 9a is provided in the middle of the pipe 9a. 
Also, in order to purge the residual gas^JSr the branch 
.pipes 9b to 9e by^Ilpwiiiyj ll i u N 2 gas, switching means 101 
to 10n, 10p K f or controlling the open (andTthe/clos^between 
the branch pipe 9f , that is connected to the N 2 gas supply 
source, and remaining branch pipes 9b to 9 e a -age-p£ gTv ldu d . 
The N 2 gas purges the residual gas^SPthe pipe 9a and the 
25 chamber 1 in addition to the branch pipes 9b to 9e. 

- AoGo - rddng — fee- the film forming equipment 101 
^Sijuilbud ubuve> the supply source for supplying at least 



20 
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^^p^onejol^^^alkoxy compound having Si-H bonds ^s»d^lre- 

siloxane having Si-H bonds and the oxygen- containing gas 

supply source a*e — pg ovlded -, and also the plasma 

generating means 2, 3, 7, 8 for plasmanizing the film 

5 forming gas d -a©e^EES^»i© i A, 

The insulating film containing Si, 0, C, H can be 

formed by the plasma CVD method by using the above plasma 

CVD equipment. Therefore, as shown in a second 

embodiment described in the following, it is possible 

10 to form Jjjie" insulating film that has WJ^low dielectric 

<? /oiO 

constant, has tfoo email amount "of moisture content, is 
dense ana*%0- excellent J^water resistance. Also, this 
insulating film has JUie good adhesiveness to J£ne organic 
coating insulating film or th€ inorganic coating 
15 insulating film, and has— tho ■ hi g ii^i " , " Captt te A lity £03* - 
preventing the diffusion of copper (Cu) . 

In particular, the power supplies 7 , 8 for supplying 
powers^ having two high and low frequenciesYto the 
first and second electrodes 2, 3 a o^-pa^aJJ-eX-pjrat^ typo 
~*&efgf!eetrx!teltf ^ar e con n ected] freZltJiem-. Therefore'^ the 
plasma can be generated by applying the power^-feavteg- 



20 



high and low frequencies to the electrodes 2, 
3 respectively. Tt m-g „ j-frp -innwi -rt-i-n g «h i^-f ^rmr^ iW - 
thio - ma*iiiui ' ~~iir~QuiimA . 
25 ^Second Embodiment 

J fiic o xaminafclon -; — ma de by Una inv o nir o iL . ul Ll m 
prnnrrnt i nvention, about. L h u — ni 11 conn con tniTrtrrg 
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^giia^meffTtr^^ 

£4r rcti thb ^we ^ ^lcpowh parallel-plate type plasma 
CVD equipment is employed as the plasma CVD 

equipment • The lower electrode 3 o£=±feeaiipgE^ an^ lowor 



<- elet*£^deb 2, ^3>is also used as a substrate holder, and 
the heater 12 for heating the substrate is built in the 
lower electrode 3. 

^Formation of Samples^ 
10 FIGS.2A to 2E are sectional views showing samples 

having the silicon oxide film (a silicon-containing 
insulating film) of the present z ngenx E&n . 

As shown in FIG.2A, a sample SI has a silicon oxide 
film (this means a silicon-containing insulating film, 
15 and referred to as a n PE-CVD TMS Si0 2 film" hereinafter). 
42af%*$$$*d$$ formed by the PE-CVD method using^ir£ film 
^forming gas containing trimethoxysilane (TMS)yon a 
silicon substrate 41. For the sake of comparison, a 

A* J 

comparative sample CS1 . having a silicon oxide film 
20 (referred to as a "PE-CVD TEOS Si0 2 film" hereinafter) 

^ a, 

Sla-t^gk^fc^ijS formed by the PE-CVD method using jbfere film 
forming gas containing tetraethoxysilane (TEOS) on the 
silicon substrate 41, and a comparative sample CS2 having- 
a silicon oxide film (referred to as a "PE-CVD SiH 4 Si0 2 
25 film" hereinafter) 52a^th^*-i^ formed by the PE-CVD 
method using the film forming gas containing monosilane 
(SiH 4 ) on the silicon substrate 41^ 
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As shown in FIG.2E, a sample S1A is*" formed by further 

forming an electrode 45 on the PE-CVD TMS Si0 2 film 42a^<^ 

<^£^yrfiy sample SI in which the PE-CVD TMS Si0 2 film 42a 

.is formed on the silicon substrate 41 . ^TJ*e" mercury probe 

is employed as the electrode 45, and^r^contact area 

between the mercury probe and the PE-CVD TMS Si0 2 film 
t»%? 2 

42a Let 0.0230 cm . r 

As shown in FIG.2B, samples S2, SS.^are" f ormed^y* 

^/AfoWwt a BPSG film 43 *7 r y ir 'g — ■ ' r contaiiveif^ 

10 Vphosphorus^SF 7 mol% land v a fl in t - thickness of about 500 

nm and a PE-CVD TMS Si0 2 film 42b ; Lo be Lulled in sequence, 

on the silicon substrate (Si substrate) 41. - A film 

of ft thickness of the PE-CVD TMS Si0 2 film 42b iszsEfertrr 100 

nm in the sample S2 , and »l mm thickness of the PE-CVD 

15 TMS Si0 2 film 42b jss=S ! e*-fe=e- 200 nm in the sampl^ S3. For 

comparison, a comparative sample CS3 employing a PE-CVD 

TEOS Si0 2 film 51b having a film thickness of 200 nm in 

place of the PE-CVD TMS Si0 2 film 42b, a comparative sample 

CS4 employing- a PE-CVD SiH 4 Si0 2 film 52b having a film 

20 thickness of 200 nm ^-iaiiagrty*, and a comparative sample 

CS5 employing a silicon nitride film (referred to as a 

"PE-CVD SiN film" hereinafter) 53, that J^eTf ormed by the 

plasma CVD method using the film forming gas containing 

and Aao/ & 

SiH 4 , NH 3 and N 2 ^ I mil n rly to - havc a ■ film thickness of 
25 200 nm tf agg**pca p c M?e d^ / 

As shown in FIG.2C, samples S4, S5 age-termed by 
■ £ojaning low dielectric constant insulating films 44a, 
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44b and a PE-CVD TMS Si0 2 film 42c in sequence on the 

silicon substrate (Si substrate) 41. An inorganic 

coating insulating film 44a employed as the low 

dielectric constant insulating film in the sample S4, 

5 and an organic coating insulating film 44b^i^ employed 

similarly in the sample S5^ For comparison, comparative 

samples CS6, CS7 employwtg a PE-CVD TEOS Si0 2 film 51c 

in place of the PE-CVD TMS Si0 2 film 42c / aff£P=£es§Ht©*. The 

inorganic coating insulating film 4 4a^is employed as the 

10 low dielectric constant insulating film in the 

comparative sample CS6 , and the organic coating 

insulating film 44b ^JLhT employed similarly in the 

comparative sample CS7. 

The inorganic coating insulating film M■■■■s^Iefe*-^fr , - 

a~ 

15 iiiyuldLj-iiy i'llni UliaL-ie formed by coating * t - ho ooating - 

liquid such as HSQ (product name: manufactured by Dow 

Corning Co. , Ltd. ) , MSQ (product name) , R7 (product name: 

Hitachi Chemical Co., Ltd.), etc. -^Hre* compound having 

one carbon or less +n- tfr^r H-tinti vr l m f m nn ntn inP i fl n/ r t h r^ 

20 — eeffl^e^^eR^-e ei n pouiid in the coating liquid. The organic 
coating insulating film^a^ forme d^# coating ^t he pgafe*ep§ 
liquid such as FLARE (product name: manufactured by 
Allied Signal Co., Ltd.), SiLK (product name: . 
manufactured by The Dow Chemical Co.), etc ^ 

25 compound -having- two carbons or more is ■ diu liiiu UivB - ly 
contained -as — Lhe -icmtpon c n t com pound - in the coating 
liquid. 



As shown in FIG. 2D, a sample S6 is formed ■fey^C oEm i ng -' 
a PE-CVD TMS Si0 2 film ( lower protection layer) 42d having 
a film thickness of about 150 nm, a coating insulating 
film (main insulating film) 44c having a film thickness 
of about 200 nm, and a PE-CVD TMS Si0 2 film (upper 
protection layer) 42e having a film thickness of about 
200 nm -i«rr"*fFTfrff»fHqft. on the silicon substrate 41. The 
coating insulating film 44c>s formed by spin- coating 
the coating liquid (FOx (product name) ) , that is produced 



by dissolving HSQ (Hydrogen silsesquioxane) \x$&f> the 
solvent , then baking the coated liquid at the temperature^ 
of 150, 200, and 350 V for one minute in nitrogen, 
respectively, and then curing tho - pocn ' ili ' tiQnt at the 

temperature of 400 °C for 50 minutes in jfefeS 5 nitrogen. 

A A<3*J 
■ For ©ompar - ioon, m comparative sample CS8 in w hich a PE-CVD 



TEOS Sib 2 film 51d^ formed in place of the PE-CVD TMS 



Si0 2 film 4 2d as the lower protection layer and a 

k*J ' - - 

comparative sample CS9 ±u whlah PE-CVD TEOS Si0 2 films 

51d, 51e*63ii^forjiied^in~pl-aee--of the PE-CVD TMS Si0 2 films 

42d, 42e as the upper and lower protection layers, -es^ 



The PE-CVD TMS Si0 2 films 42a to 42e o$ the samples 
aj er<? yd* 3*^' ^ c r~<z'?l>n 

SI to Sj5^pe*T ormed by using the above plasma CVD equ&£ffigxx£> 

under following film forming conditions. 

Film forming gas: TMS+N 2 0 

TMS gas flow rate: 100 seem 

N 2 0 gas flow rate: 3000 seem 
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Gas pressure: 0.7 Torr 
Plasmanizing conditions 

Power density applied to the upper electrode 2 : 

0.3 W/cm 2 

(frequency 13.56 MHz) 
Power density applied to the lower electrode 3 : 

0.3 W/cm 2 

(frequency 380 kHz) 
In this film- forming apparatus, these power 
densities correspond- ^^fe^^ipplied/^SBsS& 750W)to the 
electrodes, respectively. 

Substrate temperature: 300 to 400 °C 
Film forming thickness: t nm 

The above plasma CVD apparatus loots' also employed 
for forming the PE-CVD TEOS Si0 2 film 51a of the 
comparative sample CS1, the PE-CVD SiH 4 Si0 2 film 52a of 
the comparative sample CS2 , the PE-CVD TEOS Si0 2 films 
51b to 51e of the comparative samples CS3, CS4, CS6 to 
CS9ythe PE-CVD SiN film 53 of the comparative sample 



CS5 . 



Hollowing characteristics of the PE-CVD TMS Si0 2 
lm 5 \ 



fi^lm 3 /42 a to 42e formed as abovejaafe" examined. 



(i) Basic characteristic 

The film forming rate of the above film forming 
COS) 4 /* 

conditions to- a-fc the range of about 160 to 170 nm/min. 

Also, the refractive index of the formed PE-CVD TMS 
Si0 2 film ±s=a*- the range of 1.477 to 1.48, and the film 
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stress>g -250 Mpa or 3 . 0 X io 9 dyne/cm 2 . THe ellipsometer 
using-fefee He-Ne laser having a wavelength of 6338 angstrom./ 
^ks employed to measure the refractive index. Also, the 
optilever laser scanning system's employed to measure 
5 the film stress. 

Also, the film thickness (t) 500 nm, and the 
relative dielectric constant of the PE-CVD TMS Si0 2 film 
3 . 9 . The sample ClA^rs employed as a sample to examine 
the relative dielectric constant. j 
10 The relative dielectric constant ~ vw±c i iT d. te€ i 

bao od "- u i i Lim " j . 1 u u ^' lrl^ bli gfcr "1 fe T " OtJtoaif?ed by superposing a 
small signal having a frequency of 1 MHz onto the DC 
voltage (V) applied between the Si substrate 41 and the 
electrode 45 in the examined sample S1A, and then 
15 measuring the change in^^ capacitance (C) in response 
to the change in the DC voltage (V) . 

(ii) Concentration of Carbon and Nitrogen in the 

film 

^Concentration of carbon and nitrogen in the PE-CVD 
20 TMS Si0 2 film 42a Jx£ measured by the auger electron 
spectroscopy method (AES method) using the sample SI. 

According to the - mea - gm^ing ' results, the 
concentration of carbon 1.0 atorre%, and the 

concentration of carbon is 2 .l~a&ome%. 
25 (iii) Film density 

The film density of the PE-CVD TMS Si0 2 film 42a 
examined employing the sample SI by the well-known 
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X-ray interference method or weight measuring method. 

By way of comparison, similar examination^ a r e 
carried out^feo the thermal Si0 2 film, the comparative 
sample CS1 of the PE-CVD TEOS Si0 2 film 51a, and the 
comparative sample CS2 of the PE-CVD SiH 4 Si0 2 film 52a 
in place of the PE-CVD TMS Si0 2 film 42a. 

As shown in FIGS.3A and 3B, it J*g found that the 

a 

PE-CVD TMS Si0 2 film 42a has L ho^iigfr film density of 2 . 33 
~s&&K&Xi than other insulating f ilms, and \z£ dense. 
10 (iv) Amount ofy6ontained\moistureJ in the film 

amount o£/containeo\moisturejin both the film 

that is obtained immediately af ter formation (as 

deposited) and the film that is left for two weeks in 

fthe/air^Ls^ measured employing the sample SI by the TDS 

15 (Thermal Desorption Mass Spectroscopy) method. This 

TDS method 3t q tho w ay of U^dLiuy the sample and then 

measurif*^ the molecules emitted from the sample. For 

the sake of comparison, Jth6" similar examination 
for 

carried out ^>erthe comparative sample CS1 employing the 
20 PE-CVD TEOS Si0 2 film 51a. t c 

,b ^fee^camination>^'carried out^^he^tincf the sample 
from t*$& room temperature to JJ00 °C ^l^e TDS analysis 
equipment and then quant i tuting the amount of moisture 
extracted from the sample. 
25 FIG. 4 is a graph showing the n nmi in >1 results . In 

FIG. 4, air ordinate denotes the amount of moisture (wt%) 
represented-^fefT a linear scale and Jcjir abscissa denotes 



the temperature (°C) represented^^ a linear scale. 

According to the measurement executed immediately 
af ter ^jje^film formation (as deposited), when the 
temperature i^Tisen|from^Ehe|room temperature to 800 °C , 
the amount of moisture in the PE-CVD TMS Si0 2 film 42a 



0.11 wt%, whereas the amount of moisture in the PE-CVD 
TEOS Si0 2 film 51a^i^ 0 . 49 wt% . In addition, according 
to the measurement executed two weeks later, the amount 
of moisture in the PE-CVD TMS Si0 2 film A2a^^ increased 
merely by +0.2 to 0.3 wt% and thus the amount of moisture 
^jJ^seldom varied. 

As described above, it is found that both the 
structural water (the moisture contained in the film due 
to the film forming gas and the film structure immediately 
after the film formation) and the v physical adsorp**eir 
^ — (-kfee incoming — medrsLuxu LliuL i-b — ar4aai±xa^t — iart€i 
-absogfr gd phy o i caJJ,y^ in the PE-CVD TMS Si0 2 film 42a 
small in contrast to the PE-CVD TEOS Si0 2 film 51a. 
(v) FT-IR Absorption Intensity 

to , ' ^ Qjc am i n ed ^^sults jaf^^tte^ infrared ray^ 

absorption intensity in the sample SI by the FT-IR 
analysis method (Fourier Transform Infrared analysis 
method) are shown in FIG.5A. Similarly, '•exam&fsS^ 
results - artf^feto e comparative samples CS1, CS2 are shown 



in FIG.5B. 

Jter ordinate of FIG.5A denotes the absorption 
intensity express ed^iff a linear scale (arbitrary unit) , 
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and jpn abscissa denotes the wavejiumber expressed Jm. a 
linear scale (cm -1 ) . ^dSimilarlyJ fthis is^true of FIG.5B. 

As shown in FIG.5A, the peak of the infrared ra^/ 
absorption intensity^ having a center wave number in a 
5 range of 2270 to 2350 cm* 1 . is confirmed. In contrast, 
as shown in FIG.5B, such^peak is not «waT CT : re t I -±n the 
comparative samples CS1, CS2. 
(vi) Water Resistance 

The Water resistance of the PE-CVD TMS Si0 2 film 42b 

10 -ars- — oxamplo d by the high pressure humidifying test 

(pressure -cooker test ) - whilTs using the samples S2, S3 

3 

shown in FIG.2B. By way of comparison, —fehre similar 
examination applied to the comparative sample CS3 
employing the PE-CVD TEOS Si0 2 film 51b in place of the 

15 PE-CVD TMS Si0 2 film 42b and the comparative sample CSS 
employing the PE-CVD SiN film 53 d biiu il Tixl y », 

The conditions of the high pressure humidifying test 
are given as follows. The leav lrrg time 'used as a 
parameter, 

20 Temperature: 121 °C 

Pressure: 2.0 atm 

Humidity: 100 % R.T. (Room Temperature) 
Evaluation of the water resistance jk§ carried out 
by evaluating amount of P=0 bonds contained in the 
25 examined insulating film after the high pressure 
humidifying test. In order to evaluate the amount of 
P=0 bonds contained in the BPSG film 43, the P=0 
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absorption coefficient >s measured by the FT-IR analysis 
method. If y&S moisture enters into the BPSG film 43, 
the P=0 bonds in the film react with the moisture txf 
v destroy*. In this case, if the PE-CVD TMS Si0 2 film 42b 
5 JkJSF covering the BPSG f ilrn 43 has high water 

resistance, such film does not/0ass througJhihe moisture 1W 
and thus the P=0 bonds in the BPSG film 43 are aeaper f((fT 
destroyed. As a result, it is possible to say that,^^^ 
the- time dependent change of the P=0 absorption 
10 coefficient becomes smaller, the water resistance 
becomes higher. 

FIG. 6 is a graph showing the time dependent change 
of jp^f amount of \ ^ntaj ji^x^Eosphoru§\in the insulating 
film after the high pressure humidifying test is carried 

15 out . Jm ordinate denotes the P=0 absorption coefficient 

x #h 'ft? 

(arbitrary unit) expressed ^Lrr a linear scale, and^^em 

exposal 

abscissa denotes the le a v in g time (H (hour)) expressed 
linear scale. 
Based on the results shown in FIG. 6, it is found that, 
20 even after both the samples S2, S3 are left for 150 hours 
as they are, their P=0 absorption coefficients are seldom 
changed from the initial P=0 absorption coefficient^ 
regardless of the magnitude of the thickness of the PE-CVD 
TMS Si0 2 film 42b, like the PE-CVD SiN film 53 in the 
25 comparative sample CS5, i.e., the PE-CVD TMS Si0 2 film 

-fair o§ 

42b has^$S& water resistance equivalent to v the PE-CVD 
SiN film 53. 
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Also, the water resistances^ examined by another 
high pressure humidifying test w h ile /uu i nyJ l- hp ,, „p y f M Mrf*ea~ 
sample S3 and the comparative samples CS3J^CS4. 



The conditions of the high pressure humidifying test 
5 are the same as above. > 

The results are shown in FIG. 7. ^lf ordinate of 
FIG. 7 denotes the water resistance (%) expressed 
linear scale, and^aff abscissa denotes the leevittf time 
(H (hour)) expressed^ifi' a linear scale, J33xe--&a* frple 3 3 - 
10 ■ and - AhG "oompdld L ive bdiupleb CS3 *; — e&4 -a ro uood a s—a 

— HIS* above, „£ke- evaluation of the water 
to <i <X*rwin7A2 "fir? 

resistance's carried out by eva±tt nting an -amount of P=0 

bonds contained in the examined insulating film after 

15 the high pressure humidifying test. The water 

resistance in FIG. 7 is derived by calculating the P=0 

absorption coefficient obtained after the high pressure 

humidifying test on the basis of the P=0 absorption 

coefficient before tlm ledvliiy-irfrf , tixd^ O'- QccumoA as 

20 100. 

As shown in FIG. 7, it J?s found that the sample S3 „. 
J »c7mgsj water resistance of 97.4 % (100 H), *feat exceed^ & 
Vthe comparative samples CS3, CS4. 

(vii) Leakage current of the film 
25 J^e^examd-ee* sample SlA^shown in FIG. 2E*ArtTrf7&m&e&. 

That is, the electrode 45 formed on the PE-QVD TMS 
Si0 2 film 42 having a film thickness (t) of 200 nm ill the 
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sample SI according to the present invention. 

The leakage current flowing through the silicon 
substrate 41 and the electrode 45 is" measured by applying 
voltage between the silicon substrate 41 and the 



5 electrode 45. The silicon substrate 41 J£& grounded, and 
jthgr negative voltage^i-^applied to the electrode 45. 

According to the results, the leakage current of 
the PE-CVD TMS Si0 2 film 42a t- fa^-rc^^ 

s 2 an 

on the order of 10 A/cm at ;b*f§ electric field strength 
10 of 5 MV/cm, and the breakdown voltaget^^ about 10 MV/cm 
in terms of the electric field. 

(viii) Adhesiveness of the film 
The adhesiveness between the PE-CVD TMS Si0 2 film 
42c according to the present invention and the underlying 
15 low dielectric constant insulating film 44a, 44b J*s 
examined wem^loyi'iig Lke- samples S4 , S5. Also , tke sample 
which^Us subjected to the surface treatment prior tq^%Ke 
film formation and $k$& sample which j*& not subjected to 
the surface treatment j£p£"prepared, and then^fettlf similar p^jA:^ 
20 — escaiuiiid Liun: — is — eraa?a?iecl — eufe» The surface treatment 
executed prior to the film formation io the tr - oatment - 

<& 

^£f£ ref orming v the surf ace of the processed f ilm J&pt*^ 
employing plasma of N 2 , NH 3 , H 2 , etc. 

By way of comparison, the PE-CVD TEOS Si0 2 film 51c 
25 >S employed in place of the PE-CVD TMS Si0 2 film 42c, and 
similar examinations a^e carried out employing the 
inorganic coating insulating film 44a (the comparative 
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sample CS6) and the organic coating insulating film 44b 

(the comparative sample CS7)as the low dielectric 

constant insulating film, 

Ac the t- e -st- for examining the adhesiveness of the 
3 & 
film, r*he peel test jggC using the tape and peel test 

by the CMP (Chemical Mechanical Polishing the entire 

/^re- 
surface of the wafer ax£ carried out. ^ -T-^*/ 

^ of ex.**"** 1 ' 0 * 

According to the ^e miiie d results^ regardless of 

the pr&iuMi c cr -of the surface treatment prior to the film 

formation, the PE-CVD TMS Si0 2 film 42c ftao the good 

adhesiveness to the inorganic coating insulating film 

44a and the organic coating insulating film 44b. In 

contrast , ^degree of the adhesiveness of the PE-CVD TEOS 

Si0 2 film 51c inferior to^the PE-CVD TMS Si0 2 film 42c 



as a whole/^4h %, ffSjfTrorol aee — in the adhesiveness 



<d^J^<2. r<*J jr kl card* 



^©paaee4 — — Ee sponJ ^ to whether or not the surface 
treatment ^ applied prior to the film formation. That 
is, the sample which^r£ subjected to the surface treatment 
prior to the film formation had higher adhesiveness 
than the sample which jpg not subjected to the surface 
treatment . 

(ix) Defect Generating Rate due to Heat Cycle 

ion _ 

The defect generating ^effe due to the heat cycle 
at*uuL tire sample S6 and the comparative samples CS8, CS9 
J*er examined. Respective samples sealed incite 

package. Test conditions- of the heat cycle arc givon 
as follows. The cycle number is used as a parameter. 
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High temperature (holding time): 150 *C (20 
minutes) 

Low temperature (holding time): -55 °C (20 
^minutes ) 

5 Cycle number: 100, 200, 300, 500 C 

The results are shown in FIG. 9. ordinate ^jx? 

FIG .9 denotes the defect generat ing - rate (%) expressed 

pt( 'a linear scale, and^rf^abscissa denotes the type^ of 

sample. The typo^O!&H±ro sampl^aro tire- o^te S6, 

f and 

10 and the comparative samples CS8/CS9, as explained above, 
in order from the left side. The partition area 
indicated by a bar graph denotes \# fraction defective 
^Mf a particular cycle nwafee^^the partition area hatched 
by lateral lines denotes the fraction defective at 100 *C , 
15 the partition area hatched by vertical lines denotes the 
fraction defective at 200 °C, the partition area hatched 
by oblique lines denotes the fraction defes±±3Zgja:1r-300 °C , 
and the white partition area on a blad^k ground 
the fraction defective at 500 °C . 
20 As shown in FIG. 9, in sample S6 employing ibe- 

silicon oxide film of the present invention as both the 
upper protection layer and the lower protection layer- 
defect^S generated at 300 C or more, but the^defect^ 
generating ^trana-aaa about 2 to 3 % even if the defect? 
25 generat ing ratoc at 300 and 500 C are added. In the 
comparative sample CS8 employing the silicon oxide film 
52d of the present invention only as the lower protection 
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layer out of tire Tipp ex piulre -erfcdb un layer 1 ara^ - the r lowe g — 

— pro^ froo tio n — rtayer , -%fee> defect -is- generated almost 
uniformly from 100 °C to 500 °C , and the defect?" 
gener at ing rat c — is about 25 % in total. In the 
5 comparative sample CS9 not employing the silicon oxide 
film 42d, 42e of the present invent iojj|4syl^otl5^^^ upper 
protection layer and lower protection layer, the 

defect isrgenerated from 100 °C to 500 °C # In particular , 
the defect genera ting 1 i^iLu at 300 *C and^SOO °C i-are 
10 increased, a**d the defect ^etoeeateiajg &a&e-^rs» about 53 



(x) Examination of theVbarrier characteristic Js^f 



(a) TDDB (Time Dependent Dielectric Breakdown) test 
15 The TDDB test measures j£ time required to come up 

to the dielectric breakdown when^fe voltage is applied 
to the sample. ^ 

The examined sample^r prepared by stacking the 
PE-CVD TMS Si0 2 film according to the present invention 
20 and the Cu film on the Si substrate in sequence. <©y-wa^ 
j&$ comparison, ttlgTs raittiar cxuiul ii dti ui w. - o ap pli e d Lu Ll iu^ 
sample employing the PE-CVD TEOS Si0 2 film in place of 
the PE-CVD TMS Si0 2 film, and^£he sample interposing the ^, 



2 ^ A 



TiN film between the Cu film and the PE-CVD TEOS Si0 2 f ilnrf 
25 -Aeeeg&Lng ■ t-o-*fe be-ea£amiaeA resultS/p-ttte breakdown 

lifetime of IOX10 5 seconds^?' obtained at J^fe electric 
field strength of 8 MV/cm. 



J 



J 
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In contrast , in the sample employing the PE-CVD TEOS t ^ 
Si0 2 film, t^e electric field strength,^- 8 MV/cm to get 



breakdown lifetime on the order of IOX10 5 seconds. 
This means that the breakdown lifetime of the sample 
employing the PE-CVD TMS Si0 2 f ilm ^i^longer by almost 
six figures than the sample employing the PE-CVD TEOS 
Si0 2 film. 



In the sample interposing the TiN film between the 

Cu film and the PE-CVD TEOS Si0 2 film, 4a*J§ electric field 

10 strength .5 MV/cm fes=3jefctia» breakdown lifetime on 

the order of lOXio 5 seconds. 

With the above, it is possible to say that the sample 

re- 
employing the PE-CVD TMS Si0 2 film has ^tfrtf longer 

<rt>fT*f 

breakdown lifetime by almost six figures than v the sample 
15 employing the PE-CVD TEOS Si0 2 film and feas-ttre" barrier ~ 

o h a -o xi^ ljo ari 'G' t ig to Cu, that- io equivalent to or ■ moreHihan ^ 

the TiN film. 

(b) Examination of heat resistance 
As shown in FIG. 10, tA-e - oreamined - sample J^prepared 
20 by stacking the PE-CVD TMS Si0 2 film of 125 nm^thickness 
according to the present invention and the Cu film on 
the Si substrate (not shown) per contact ^oeach other. s> 

Tho oxamina L ion — rs — matte* Jjpy measuring** the Cu 

concentration ^ o^ is dJ^^ in the PE-CVD TMS Si0 2 

25 film on tho b a s i s? of the otat^ obtained immediately after 
the film formation (indicated by a dotted line in FIG. 10)^ 
after the sample is processed for a predetermined time 
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4^6^ce§^yp^Ery i.e., 1 hour (chain double-dashed line), 
7 hours (solid line), and 15 hours (dot -dash line)) at 

Jskfe. temperature of 470 °C. 

FIG. 10 is a graph showing the e^ISBSge^lr results . In 
FIG. 10, ordinate on the left side denotes & Cu 

concentration and ^ Si concentration (cm" 3 ) represented 

jpL a logarithmic scale, ^kti. abscissa denote Syj^depth (nm) 
measured from one surface of the PE-CVD TMS Si0 2 film 

I? on 

toward the Cu film side andirepresented jLn a linear scale . 



10 As shown in FIG. 10, the distribution ^ seldom 

change^ from fel icrdiuLrdbution obtained immediately after 
the film formation. In other words, it is found that 
the PE-CVD TMS Si0 2 film has ^0?e sufficient/ barrier 
charocrrerl^Lx^ to ^& Cu. 

15 In the above, the alkoxy compound [^x. TMS) having 

Si-H bonds is employed as the silicon-containing gas in 
the film forming gas . But siloxane having Si-H bonds 
may be employed. 

-A±-st>>-N 2 0 is employed as the oxygen-containxng gas 

20 in the above^ — ©a* any selected from the group 

consisting of oxygen (0 2 ) , nitrogen dioxide (N0 2 ) , carbon 
monoxide (CO), carbon dioxide (C0 2 ) and water (H 2 0) may 
be employed. 

In addition, if affy-~6n§"*wAe€^ 

or* 

25 — --eefts^fe^^--^* hydrogen (H 2 ) -aast nitrogen (N 2 ) is added 
to the above film forming gas, the density can be further 
enhanced. 
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^^Third Embodiment^ 

Next, a semiconductor device and a method of 
manufacturing the same according to a third embodiment 
of the present invention will be explained with reference 
to FIGS.11A and 11B hereunder. 

Fief. JJjB is/d secMonSi^Le^ showinga^semi^rfkuct^t 




£2> 

As shown in FIG. HB,^HlC silicon oxide film (the 
10 silicon-containing insulating film) 24 according to the 
present invention is formed on the substrate 20a. 
~Jhe substrate 20a/ the underlying insulating film 22 and 
the wiring 2^4sZ?f ormed on the base substrate 21. The 
silicon oxide film 24 covers the wiring 23. In the 
15 silicon oxide film 24 according to the present invention, 
ilTpeak 

J*lf\n a\Eg ^eof^ /wave numbe^2r70to 2350 cm" 1 , j^film 

density^^^in a range of 2.25 to 2.40 g/cm , and^relative 

coal 

dielectric constant in a range of 3.3 to 4.3. 
20 In this case, the silicon substrate or the base 

substrate obtained by forming the wirinc^ and the 
insulating film on the silicon substrate may be employed 

A 

as the base substrate 21. -JFfee conductive material such 
as aluminum, copper, etc. may be employed as the material 
25 of the wiring/ 23. 

Iir " Ll i i u manner , the silicon oxide film 24 according 
to the present invention may be employed as the insulating 
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film that covers the wiring^ 23^ mado-oi Lhc uunduulK/cA 
ma Luji ' lal i^uofo as QlmuliUM ' , cupper, ■ cLi . -" , 

in & 

<^reeogd±ng-^to^^ third 
embodiment, the silicon-containing insulating film 24 
5 according to the present invention is formed tixcomo ifrtro 
contact with ^h-e^wiii lii y^ 23 and fe^cover^fhe wiring^ 23. 
The above silicon-containing insulating film 24«b*K3- 
^ w^-4^aq^ t- . h n i r h FwH H I i hg f j-4frf is dense, ^XS 

excellent in th o water resistance, and has - thc r small 
10 amount of contninrd moisture - in tho Film , which aref^ 
equivalent to^btte silicon nitride film, and also has J^erG 
smaller relative dielectric constant tll^^t^B silicon 
nitride film. As a result, if the silicon-containing 
insulating film according to the present invention is 
15 employed as the protection layer 24 ^ir^'' covering the 
wiring^ 23, etc . ,^JS^ corrosion of the wiring^ 23 can 
be prevented by pr event ingjj^fe permeation e^-j febe-j jnomi ng 
frre*sfcs£ i e, while reducing the parasitic capacitance 
between the wiring^ 23. ~ I^aA tn 

20 FIGS.11A and 11B are sectional views s howing the 



method for manufacturing the semiconductor device 
according to the third embodiment of the present 
invention. TMS+N 2 0 is employed as the film forming gas 
for the PE-CVD TMS Si0 2 film according to the present 
25 invention. 

First , as shown in FIG. 11A, an underlying insulating 
ie-af-tfee PE-CVD TMS Si0 2 filnfis formed on the 
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silicon substrate 21 by the plasma CVD method using 
TMS+N 2 0 as the film forming gas. 

in order to form the PE-CVD TMS Si0 2 film, first the 
silicon substrate 21 is loaded into the chamber 1 of the 
5 plasma film forming e^£2* 1Q1 and held by the 
substrate holder^ Then, the silicon substrate 21 is 
heated to temperature of 350 °C . TMS and the 

N 2 0 gas are introduced into the chamber 1 of the plasma 
film forming lOl^m in FIG. 1 at flow rates 

10 of 100 seem and 3000 sc^respecti^ly^to hold^the 
pressure at 0 . 7 Torr . tW/^ powe?Vr3 W/cm 2 ha^g 
t£ frequency of 380 kHz is applied to the lower electrode . 
3 and alBoJ*rpower>0.3 W/cm 2 ha^-^ frequency^ 
13.56 MHz is applied to the upjper electrode 2, 
15 ^M^^r TMS and H a 0>e ^plasma^. R 
PE-CVD TMS Si0 2 film 22 of about 200 nri'thiokness is formed 
while holding this condition for^a predetermined time, 
^j^^^ PE-CVD TMS Si0 2 

film 22^1^2 »latl^ dielectric constant of about 
20 3.9 thrt^ta- measured at frequency of 1 MHz , and^hlT 
leakage current of 10" 8 A/cm 2 at $k electric field 

strength of 5 MV/cm. 

^n^tfee^ring (lower wiring) 2 3^ formed on the 
underlying insulating film 22. Then, as shown in ^ 
25 FIG.11B, PE-CVD TMS Si0 2 film 24 of about 500 nm , 

thickness^ f ormed by th/plasma CVD method tM«ta used 
to form the above^PE-CVD TMSSi0 2 film 22. 



*1 l' 



34 



As described above, according to the third 
embodiment of the present invention, the underlying 
insulating film 22 is formed on the silicon substrate 
21 before the wiring 23 is formed. The PE-CVD TMS Si0 2 
i film is dense, has good water resistance, and has 



^bfee~smailr amount of X^ ontaine^ /moistur^ in the film. 
Therefore, the underlying insulating film 22 can prevent 
the-rooi-s- turc in 4:h o - und o r lying -miou I q ting fi - jm - 33 a n d 
- 4:h e — ineomin g- moisture from reaching the silicon 
10 substrate 21. 

Also, since the leakage current between the wiring 



s 



23 and the silicon substrate 21 ean-tre suppressed, the 
transistors, the capacitaftees of the memory elements. 



etc. .are covered with the PE-CVD TMS Si0 2 film^i 
15 tfeey^ formed on the silicon substrate 21A Therefore, 

-•Bettt^ of the accumulated charge can be 
prevented and thus the reliability of the device can be 
improved . 

/ In addition, since the PE-CVD TMS Si0 2 film 24 is 
20 ^ formed after the wiring 23 is covered corrosion of 

<^ the wiring 23 due to^^^moisture in the film 24 and *ke- 



incoming moisture can be prevented. 

Further, since the PE-CVD TMS Si0 2 film 24 has^fettfe 
lower relative dielectric constant thanvthe silicon 
25 nitride film and tb6 small leakage current, the leakage 
current between the v wirings etiii t > e suppressed and the 
parasitic capacitance between the wirin g s can be reduced 
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in the oitujition that a plurality of wi -£aja#s-^re-prOv^tted 

w»7r4 zn4 for 
adjacent^r^rnTTlTe multi-layered wiring^ i u f uxj i icd n 

-^Fourth Embodiment^ 

Next, a semiconductor device and a method of 

manufacturing the same according to a fourth embodiment 

of the present invention will be explained with reference 

to FIGS.12A to 12C tte rGff fr dor . 

FIG. 12cVs a sectional vie$ showing d semiconductor 




dejvfge ac^ordi^g fo a fou^thyembodfrneny of the present 

As shown in FIG.12C,^fett^ low dielectric constant 
insulating film 25 such as J^re" porous insulating film, 
^fcfee SiOF film, or the like is formed to cover the wiring^ 
23, and then the protection layer 26 made of the silicon 
15 oxide film (silicon-containing insulating film) of the 
present invention is formed on the insulating film 25. 

In the silicon oxide film 26 of the present invention, 
the peak of the absorption intensity e f the infrared - ray s— > 
is in tjfelrange ofj^wave number\2270 to 2350 cm" 1 , the 
20 film density is in the range of 2.25 to 2.40 g/cm 3 , and 
the relative dielectric constant is in the range of 3 . 3 
to 4.3. 

- The abovo silicon oxide film 26 has^J*e qualities 
which are equivalent to^fehe silicon nitride film. The 

3„ loud 

25 silicon oxide film 26 has tho-omall relative dielectric 

constant, is dense, ^ excellent*!.!! tiro water resistance, 

3 {ft **}Te*T* 
and has » fehe - oma - 11 - a m ount of "contained - moisture in Lhe* 
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^fiiffe. Accordingly, if the silicon-containing 

insulating film according to the present invention is 
employed as the protection layer 26 that covers the 
wiring^ 23, etc. , corrosion of the wiring 23 can 

5 be prevented by preventing the permeation of 

moisture, while reducing the parasitic capacitance 
between the*' wiring^ 23. 

In particular, if^tftg porous insulating film having 
<*^e r high hygroscopicity is employed as^the insulating 
10 film 25 that covers the wiring^ 23, thOL,^eoffri? n g of -tire- 
moisture into the porous insulating film can be prevented 
and also the increase in the dielectric constant due to 
J&$€ moisture absorption can be prevented. 

FIGS.12A to 12C are sectional views showing the 
15 method of manufacturing the same according to the fourth 
embodiment of the present invention. TMS+N 2 0 is used as 
the film forming gas. 

First, as shown in FIG.12A, like the third 
embodiment , ^fett£ underlying insulating film 22 made of 
20 the PE-CVD TMS Si0 2 film is formed on the silicon substrate 
(base substrate) 21 by the plasma CVD method using TMS+N 2 0 
as the film forming gas. The^ormed PE-CVD TMS Si0 2 film 
22 had^^feS relative dielectric constant of about 3.9 "bteo-b 
measured at tj*6 frequency of 1 MHz, and^fette leakage 

ft o S * 

25 current of 10 A/cm at-fefee electric field strength of 
5 MV/cm. 

Then, the wiring (lower wiring) 23 is formed on the 
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underlying insulating film 22. !Wren, 
FIG.12B, a porous insulating film 25 having tire low 
dielectric constant and tHe film thickness of about 500, 
nm is formed by the -w&ij5»3«aeiwn method ^Z^ae&e^ieiHea^s^ 
5 ^o€h«s^i^ybey^ substrate 20b. , ^ 

Then, as shown in FIG. 12C, a protection film 26;pade 
-bi^fch© PE-CVD TMS Si0 2 film ^& having the" film thickness 
of about 200 nm is formed by the plasma CVD method that 
is used to form the above PE-CVD TMS Si0 2 film 22. 

10 As described above, according to the fourth 

embodiment, the protection film 26 made of t-fee(PE-CVD 
TMS Si0 2 film)is formed on the porous insulating film 25 
that covers the wiring 23. The PE-CVD TMS Si0 2 film is 
dense, has good water resistance, and Jtf£s the^sjs^ii^ 

15 amount of /containea>flio j.stur e y in the film* 

Therefore, the protection film 26 can prevent^ihe' 
incomi rrj moisture from reaching the wiring 23. Also, 
the leakage current of the overall interlayer insulating 
f ilm^including the porous insulating film. 25^ can be 

20 oupproo e c d. 

^Fifth Embodiment^ 

Next , a semiconductor device and a method of 
manufacturing the same according to a fifth embodiment 
of the present invention will be explained with reference 
25 to FIGS.13A to 13F hdjpeunder . <«v 

FIGS.j3fe3Sta 13F\arte sibr^nVlNrlSw^s^ the 
ike afld t^te m\thxM fi^aTj^i^s^rhig the 
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_invent4eii . In this £ase, like i the third embodiment, 
TMS+N 2 0 is used as the film forming gas. 

FIG.153£ is a sectional view, showing a semiconductor 
device according^) a fiftn>« t mbodin^h*^b^the>«E5rese"nt 
invjSnraon . 

As shown in FIG.13F, in the semiconductor device, 
an underlying insulating film 32 is formed on a base 
substrate 31, and .a^lower wiring 33 is formed thereon. 
10 Further, an interlayer insulating film is formed 

contact*^" the lowef. wiring 33 -ancU-to- ■ oovcr the -tower" 
wixiuu 33 . The same base substrate tiy Lliu has?rsvrbs&£eet&~ 
21 v in FIG.11B may be employed as the base substrate 31. 
The interlayer insulating film is formed by 
15 laminating a lower protection layer 34^brmed of the 
silicon-containing insulating film according to the 
present invention , a main insulating film 35 , and an upper 
protection layer 3/5. formed of the silicon-containing 
insulating film according to the present inventi^ym 
20 sequence from the lower layer. In the 

silicon-containing insulating film according to the 
present invention,^ peak of the* absorpti on in tensity 



^\^e-»-eite-^an^ is in a\ranjre^a6§v'Et&e wave number^ 

0^ 2270 to 2350 cm" 1 , ^f ilm density is in a range of 2.25 
25 to 2.40 g/cm 3 , and^relative dielectric constant is in 
a range of 3.3 t<v 4 . 

In this^asJT, the porous insulating film or the SiOF 
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film, that is the insulating film having ^fcfie low 
dielectric constant, may be employed as the main 
insulating film 35. 

— fA&o*, A via hole 37 is formed in the interlayer 
5 insulating film ay«f the lower wiring 33/V Ihe lower 
wiring 33 and the upper wiring 38 are connect ed^a^rthis 
via hole 37. 

As described above, according to fifth 

embodiment, since the lower protection layer 34 made of 

10 the PE-CVD TMS Si0 2 film jj f 1 I " cover the lower 

wiring 33, the corrosion of the lower wiring 33 due to 

the moisture cont ained in the lower protection layer 34 
Srrth 'en, I 

and the rwaB B t^g^moio'tajDG can be prevented. 

Further, the upper and lower protection layers 34, 
15 36 made of the PE-CVD TMS Si0 2 film aro i g Trmo ri t in pnfr the 
main insulating film 35 therebetween. 

If the main insulating film 35 is formed of SiOF 
film , the diffusion of jaie^f luorine ( F ) elomon - t into the 
outer peripheral portions of the upper and lower 
20 protection layers 34, 36 can be prevented. 

^ti^^iff If the main insulating film 35 is - frere ro o a 
S£=fche porous insulating f ilm f> ^€ hygroscopicity is high 



readj/i%j? var^due to the 



and the dielectric constant^, ^ ^ ~ 

moisture absorption. However, if the main insulating 
25 film 35 is sandwichedj^ the upper and lower protection 
layers 34, 36, the permeation of tiho iinnnmi-frg moisture 
into the main insulating film 35 can be - suppressed and 
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thus the dielectric constant of the interlayer 
insulating film oan - be stabilized w±*h low value . Also , 
the leakage current of the overall interlayer insulating 
film containing the porous insulating film 35 can be 
5 suppressed. m^J6 
Fugthgrmoro » . the PE-CVD TMS Si0 2 films 34, 36^fc£s 

Tfeh e~anfa^i relative dielectric constant uathcg than the 

/a co 

^-s- i - l i u oi i ui 'Lx' lOu £iliu T and Lli e " Sm >it3JL leakage current . 
<Ehex&£es?e, in v case v a plurality of wirings jj^e Arranged 
10 -^CigrseAy or J[ multi -layered wiring art, formed, the leakage 
current between the wirings can be suppressed and also 
the parasitic capacitance between the wirings can be 
reduced. 

/\l^j£h^£s*"S^s^^f the underlying insulating film 32 
15 formed on the base substrate 31 is formed Of blie PE-CVD 
TMS SiOo film according to the present invention, the 
V^ofertTrg. of -fefee moisture in v the underlying insulating 
film 32 and fcfea-dJ icomi n g m o icturc to the base substrate 
31 can be prevented. ^f silicon «fiEs£r&e~is 

20 employed as the base substrate 31 > the leakage currejij^ci 
between the lower wiring 33 and the base substrate 31^. 
- T horof o js@ >. 4n e aee^fhe transistors , *fee- capacitors of 
the memory devices, etc. are formed on the silicon 
substrate, *fc©y are covered with the PE-CVD TMS Si0 2 film*?«<0 
25 J(s a result, tho f-lowiflg ottt of the accumulated charges 
can be prevented and thus the reliability of the device 
can be improved. 
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FIGS.13A to 13F are sectional views chowing- the 
method of manufacturing the semiconductor device 
according to the fifth embodiment of the present 
invention. In this^pa^Cr--4?4tee the third embodiment, 
5 TMS+N 2 0 is used as the film forming gas. 

FIG. 13A is a sectional view showing the state after 
the wiring is formed. In FIG. 13A, a-g of ^eit o o 31 denotes 
a silicon substrate (base substrate); 32, an underlying 
insulating film; and 33,^i wiring (lower wiring). If 

10 the wiring 33 is J)zj0k copper jtg&Sffj , a TaN film serving 
as copper barrier ^f^the underlying insulating film 
22 and a Cu f ilm v f ormed by sputter 1 , although not shown , 
are formed between the underlying insulating film 32 and 
the wiring (lower wiring) 33 t he bottom . These 

15 films constitute the substrate 20c. 

In this state, as shown in FIG.13B, a barrier 
insulating film (lower protection layer) 34»a4e ot«i&R& 
PE-CVD TMS Si0 2 &t±»~ha&&fi^^ thickness of about 50 

nm is formed on the wiring 33 by the plasma CVD method 

20 using TMS+N 2 0. 

The barrier insulating film 34 is formed by the same 
manufacturing method as the underlying insulating film 
22 in the third embodiment. JJ!fe€ same film forming 
conditions are employed, their explanation will be 

25 omitted herein . Aeecn^&itf^*^ 40 ^ ie 
formed barrier insulating film 34 v &a£— relative 



dielectric constant of about 3.9 ^fa artrfrg - measured at 
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frequency of 1 MHz , and Jzfie leakage current of 10" 8 A/cm 2 
-a-lj^tfee electric field strength of 5 MV/cm. 

Then, as shown in FIG.13C, a porous insulating film 
35 having tj>e* low dielectric constant and threw film . / 
5 thickness of about 500 nm is formed by the ^H Tl l'flCT tt 
plasma CVD method. ft^ thi^lB^p^ f? f fm-^^^ porous 
insulating f ilm,_>^£Si--a^ a 
multi- layered insulating film by repeating the film 
f ormationjay" the low pressure thermal CVD method and the 
10 film formation by the plasma CVD method, -fefae-^afeb^i3€ 
laminating the organic film and the Si0 2 film 
alternatively and then removing the organic f ilm 
-atsbiRg> usipg .feWs oxygen plasma, etc.,, fui ux'smpie-r* 

JlJbe^h, as shown in FIG.13D, a thin and highly dense 
15 NSG film (silicon oxide film nol^containing Jtof&s 
impurity), that serves as a protection film (upper 
protection layer) 36 for the porous insulating film 35 
in ygpf ashing and etching, is formed. If no 

protection film 36 is formed, the quality of the porous 
20 insulating film 35 is altered by the processja^gas when 
ashing the photoresist film ic oac e guTiofr or when 
the barrier insulating f ilm 34 under the porous silicon- 
containing insulating film 35 is etched, and thus there 

is the possibility that the low dielectric constant 

/*7T 

25 characteristic is degraded. The protection film 36 may 
be omitted. ab L hQ .^ Cp nn m ay br» - 

Then, as shown in FIG.13E, a photoresist film (not 
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shown ) is formed and~ tha n an opening jxxE£J&^ic-£orm&r- 
in the via-hole f orming-area J^e:*h«^h«torers±sT--e±±fH. by 
patterning the photoresist film. Then, ^fcarf^T the 
protection film 36 is etched and removedjfis^the opening 
5 pr>-r^--irian - in the photoresist film by < *jje t5: reactive ion 
etching (RIE) using^fcfae plasmaaaeg od-miKod gcci, uuulalning 1 
CF4+CHF3. Then, the porous insulating film 35 is etched 
and removed"by using JMe mixed gas containing CF 4 +CHF3^ 
w hoou uunqjubl L'lun rat-io ■ a. - o - oohcmged Jrom the gas used in 

10 the etching of the protection film 36. Accordingly, an 
opening >p&e&Lerr is formed to expose the barrier 
insulating film 34.. n!hy - tt 9 blny"UC /the photoresist 

film is ^ e ecut od. -J^*--feh±s--tlm^ yhe barrier insulating 
film 34 has I lji" I'll Hi i uij resistance against the etching 

15 gas for the porous insulating film 35 and the ashing gas 
for the photoresist film. As a result, the wiring 33 
is not «ba<§±y ^affected by the etching gas, etc. 
concentration of the mixed gas containing CF 4 +CHF 3 may 
be adjusted by adding Ar+0 2 , etc. ifrwia^b^^^o^sstctfffig 

Then, the barrier insulating film 34 is etched and 
removed via the opening pfrrTTOfr in the protection film 
36 and the opening j»or4* ip n in the porous insulating film 
35 by^s§ reactive ion etching (RIE) usingJkJle" plasmas*seek 
25 y * mixed gas containing CF 4 +CHF 3 , that has the same 
composition J ~K rr * f( ? as the gas used in the etching of the 
above protection film 36. Accordingly, a via hole is 
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formed to expose the barrier insulating film 34 w f-a?om-arts- 
hpJ^oji*~pi3rT±©»i — Afe-fe hjLs fe - imo -r tfhe lower wiring 33 <teef§^ 
tftir^rm-n-g .r^ b Is t a n r<** ~a*s*+m**> the etching gas for the 
above barrier insulating film 34^>^s a result, the lower 



wiring 33 is not badly affected by the etching gas. In 

this case ,/k surface of the lower wiring 33 is oxidized. 

But such oxide film may be removed by exposing to^JtHe^ <X 

hydrogen plasma diluted with a reducing gas, e.g., an 

inert gas such as NH 3 , argon, nitrogen, or the like after 

the ashing^^etTof the photoresist film and the etching 

^gtfpe^Tof the barrier film are completed. 

JEkeft^ As shown in FIG.13F, a conduct ivo fil m ls~f~t\** 

filled in the via hole 37 . J£Jw?n , $k upper wiring 38 made 

snc f 

of copper or aluminum is formed - to-bo connected to the 
15 lower wiring 33 v via ^fe-e-^g oi id tte t jr v o ■ f - ilm . If the upper 
wiring 38 is €fee copperT7ri*ng, an underlying conductive 
film consisting of a barrier metal film, e.g., such as 
a tantalum nitride (TaN^and a copper film formed by t£e 
sputter'laLfefeea is provided in the via hole 37, and then 
20 the conductive film is formed thereon. 

With the above, the formation of the upper wiring 
38 is completed. The upp^r wiring 38 is connected to 
the lower wiring 33~va«^t:he via holes in the protection 
film 36, the porous insulating film 35, and the barrier 
25 insulating film 34. 

As described above, according to the fifth 
embodiment, the lower wiring 33 is covered with the 
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barrier insulating film 34 ; »a4e-e€-the PE-CVD TMS Si0 2 
film fee ^w H^L o h the present invention^ ars aypiied-r 

By-t- fcre way , as indieat ed by the QKamj^ ^ results okfewet 
in the second embodiment^ v the PE-CVD TMS Si0 2 film 



according to the present invention has qualities 

equivalent to\fctee* silicon nitride film. The PE-CVD TMS 

Si0 2 is dense excellent in L he water resistance, and 

(ou) ^ 



has ^^^smalJ^RtBQxu^^ l imti* moisture fn^hS ^ f 4 lm 

Accordingly, £^ corrosion of the lower wiring 33 can 
10 be prevented by preventing the permeation of ^ f ^^n m m wr f 
moisture. 

In addition, if the underlying insulating film 32 
is formed of the PE-CVD TMS Si0 2 film according to the 
present invention, all peripheral portions of the lower 
15 wiring 33 can be protected by the PE-CVD TMS Si0 2 film. 

Therefore 9 ^^€ corrosion of the lower wiring 33 ©en-be-' 
prevented ^n^efer-me^e by prevent«*§p- ttee permeation of^^e 



moisture from a^aperipheral portions of the lower wiring 
33. 

20 Further, upper and lower surfaces of the porous 

insulating film 35 having the low dielectric constant 
are protected by the barrier insulating film 34 formed 
of the PE-CVD TMS Si0 2 film and the protection film 36 
formed of the PE-CVD TMS Si0 2 film. Accordingly ^^S" 

25 permeation of tho inoom rmj- moisture into the porous 
insulating film 35 can be prevented. Therefore, 
variation in the relative dielectric constant due to 
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/x moisture contained in the porous insulating film 35^sOi 

j^e* suppressed. 

Furthermore, \± ^^sSs moisture is contained in the 

porous insulating film 35 -£^m--fefee--JaegarfHw^rg , the *tf/-£/A 

5 f lowing- out of such moisture ^fcd'the periphe ral po:ctA , ono 

can be prevented and thus corrosion of the lower 

wiring 33, etc. can be prevented. 

S5gHlB&, ihe PE-CVD TMS Si0 2 film has 43r e quail Lv — 

Of LU e density- that is equivalent to -the silicon nitride 

10 film, but has the q ualilyul Lh e small relative dielectric 

constant* JJiat^A- b lu j. yely --dj^E£e3?efl±---fcee m the DM- ic on-* 

— ndtrddo film* Accordingly, if the PE-CVD TMS Si0 2 film 

is employed as the interlayer insulating film, the 

smaller relative dielectric constant can be maintained. 

15 In particular, if the PE-CVD TMS Si0 2 film is employed 

as the barrier insulating film and the protection film 

thatyprotectr the upper and lower surfaces of the porous 

insulating film 35, the smaller relative dielectric 

gar- ujJid/e 
constant can be maintained^? the overall interlayer 

m<3</« Up a$ 

20 insulating film ^oi^aaaiftg all of them 

In the above fifth embodimen^a thermal oxide film 
" formed by heating^^in oxygen- containing atmosphere 
to oxidize the silicon substrate 31, an NSG film formed 
by the CVD method usingj^re" organic silicon-containing 
25 gas, a BPSG film (BoroPhosphoSilicate Glass), etc^. 

, — "TMy JUc>1— 

— b o-emp l oye d c ua -/the underlying insu lating film 32^ — -But 
the PE-CVD TMS Si0 2 film which is formed by the plasma 
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20 



25 



CVD method according to the present invention may'' be 
employed . S 
^Sixth Embodiment^ 

FIGS.14A to 14C are sectional views showing a 
semiconductor device and a method of manufacturing the 
same according to a sixth embodiment of the present 
invention . 

FIGM4C rs aVectionai. view/showing a semiconductor 





odiment of the present 



tion. 



In. tSfe semiconductor device^ a dif l oronoc f romjihey 
fifth embodiment 2s" that a side wall of the via hole 37 
is covered with a PE-CVD TMS Si0 2 film 39a of the present 
invention and thus the porous insulating film 35 is not 
exposed from the inner surface of the via hole 37. 

In this manner, if a sidewall protection layer 39a. 
of the PE-CVD TMS Si0 2 film is added to y FIG.13F, the 
porous insulating film 35 can be shielded almost 
-porfoot \W from the ev&eida. by the PE-CVD TMS Si0 2 film 
according to the present invention. Therefore, the 
advantage about - jfho - onfe0 3?fl .ng ■ an-d ■ di - oofaOi i cgi ng nr ,. „ fix-" 
moisture explained in v the fifth embodiment - can b e 
enhanced, frracCB^mTJEe^ 

In order to amplom eiTt the above structure, as shown 
in FIG.14A, the PE-CVD TMS Si0 2 film 39^to which the 



present invention is applied is formed on the protection 



film 36 so as to cover the via hole 37* af/ter the step 

^ / 
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shown in FIG.13E. Then, as shown in FIG.14B, the PE-CVD 

TMS Si0 2 film 39 is etched by ^^anisotropic etching to 

leave the PE-CVD TMS Si0 2 film 39a on the sidewall of the 

via hole 37 . Then, as shown in FIG. 14C, the upper wiring 

5 38 made of copper or aluminum is formed ioHjff connected 

to the lower wiring 33 via the conductive film. 

With ' the abovo - y - the present invention is explained 

*in detail ba-&e d -o n-tho embodiments,^^ the scope of the 

present invention is not limited to v examples jg i von 

10 LUl'V in the above embodiments. Variations.^? the 

above embodiments may be oontoincr d-4^~t-he scope of the 

present invention without departing from the gist @#-*feer~ 

present ^HV^fft^hr 

^jbther Embodiment^ 

15 For example, as shown in FIG. 15, the underlying 

insulating film 22 or 32^formed only of the PE-CVD TMS 

Si0 2 film^s formed directly on the silicon substrate 21 

or 31^ toi"1^e underlying insulating film 22 or 32 having & 

mult i- layered structure consisting of double layers, 

20 '■L" hu4? i SM?e formed by laminating the BPSG film or the thermal 

oxide film 61 and the PE-CVD TMS Si0 2 film 62 in sequence 

uir/i z^c/ 

from the bottom, >Q3?-itkh?q may be formed . In this case, 
it is important to arrange the PE-CVD TMS Si0 2 film^eft 
the uppermost layer. 
25 Further, as shown in FIG. 16, a single interlayer 

insulating film 63 y interposed between the lower wiring 
33 and the upper wiring 65 may-tJ6 formed on the substrate 
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20c. In this case, the interlayer insulating film 63 

is made of the silicon-containing insulation film. 

Moreover, the lower wiring 33 and the upper wiring 65 

may be connected via an opening portion 64 &&&tt&tir*bq& 

5 -pe r f ora t e * the interlayer insulating film 63. 

As described above, according to the present 

invention, the silicon-containing insulating film is 

formed on the substrate. In the silicon-containing 

insulating film according to the present invention, 
infrared 

10 peak - e-f " t he absorption intensity of " tho ■ iniasa Bad^.xay^ 
is in alrange o£#£$&T wave numbed 2270 to 2350 cm" 1 , film 
density is in a range of 2.25 to 2.40 g/cm , andV relative ^ 
dielectric constant is in a range of 3.3 to 4.3. 

The silicon-containing insulating film is formed 
15 by-p±a gmaniBi'ng tho film forming gas^ that e©*YS*s*fes--D#- 
,a at^#ae selected from the group consisting of -tefa© alkoxy 
compound^having Si-H bonds and-fete©- siloxan^having Si-H 
bonds and - o^y^et^o oxygen-containing gas selected from 
the group consisting of oxygen (0 2 ), nitrogen monoxide 
20 (N 2 0), nitrogen dioxide (N0 2 ), carbon monoxide (CO), 

carbon dioxide (C0 2 ), and water (H 2 0) # 4jo— jj ou i H; . -T/rf" 

TT h*s bee* /* 1 ^ 7 * 1 ' 
Aooordiu y LTi the- experiment^/ V the 

silicon-containing insulating film in the above range 

jg#-fet*e peak of >£tee- absorption intensity o#**H ro -in f je ajrea 

25 ^Jza&G and in the above range SPthe film density is dense, 

hasjfctte small relative dielectric constant, and has ^tte 

small amount ofydbntainecNmoisture/in the film. - And that - 
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f j^itKT^x' med in feh -g^atTCve mann^g-dc s sam^t 

Therefore, if the above silicon-containing 
insulating film is employed as the insulating film^^ 
cover* '^wiring/ or as the barrier insulating film^S^* 
5 sandwich^the low dielectric constant insulating film 
that constitutes the interlayer insulating film 
interposed between the upper wiring and the lower wiring, 
the dielectric constant of the insulating f ilm-ts* cover* Ay 
wiring or that of the overall interlayer insulating film 
10 can be lowered while preventing corrosion of the 

wiring and v tfes? increase in the leakage current . 
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ABSTRACT OF THE DISCLOSURE 

The present invention relates to a film forming 
method of forming an interlayer insulating film having 
a low dielectric constant^fco" cover wiring. ^irT 
e unbLj.mL.i u ii, a n insulating film *£6S covering^ wiring 
is formed onJfc*re"_ substrate by p ^ a om a^i- z ^Sg" a film forming 



gas^>mJ^B^G0&s£si^G£^^H^^ selected from yp.' group 
consisting of alkoxy compound^ having Si-H bonds and 
siloxane having Si-H bonds and - any einG^ oxygen-containing 
10 gas selected from^*group consisting of 0 2 , N 2 0, N0 2 , CO, 
C0 2 , and H 2 0 6 



